Abstract: This study evaluated the mechanical performance of teardropshaped loops and teardrop-shaped loops with helix used in orthodontic space closure. Sixty retraction loops made with 0.019" x 0.025" stainless steel (SS) and beta-titanium (BT) wires were used. They were attached to a testing machine to measure the magnitudes of the sagittal force and the load-deflection ratio necessary for 1 mm, 2 mm and 3 mm activation. The results demonstrated that the BT alloy presented significantly smaller mean values (p < 0.01) of sagittal force and load-deflection than the SS alloy. The loop with the highest mean value of sagittal force and load-deflection was the teardrop-shaped loop (p < 0.01). Differences were observed in the mean values of sagittal force and load-deflection among activations, and the highest mean value was found in the activation of 3 mm, while the smallest mean value was evident in the activation of 1 mm (p < 0.01). It could be concluded that the metallic alloy used and the presence of a helix in configuration of the loops may have a strong influence on the sagittal force produced and on the load-deflection ratio; the teardrop-shaped loops and teardrop-shaped loops with helix in BT presented the release of lighter forces; the teardrop-shaped loop in SS generated a high load-deflection ratio, providing high magnitudes of horizontal force during its deactivation.
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Introduction
The use of loops for closing spaces in Orthodontics requires the professional to know the force systems offered by the orthodontic treatment mechanics, because if the mechanics associated with loops are used improperly, complications such as loss of anchorage, excessive verticalization of incisors, increase of overbite, dental mobility, root resorption, and increase in treatment time may result, with irreversible damage to the patient. 1, 2 Over the years, different loop configurations for closing spaces have been developed and are used in both continuous and segmented arches to provide dental movement. 2 Therefore, during the selection of the best indicated model for each case, some variables such as loop design, thickness and properties of the wire used, type of movement desired and amount of force necessary, 3 must be taken into consideration.
The efficacy of dental movement is directly related to the quantity of force used. Thus, Storey and Smith, 4 Reitan 5 and  Krishnan and Davidovitch  6 recommended the use of  light forces, while Oppenheim  7 and Burstone  8 suggested the use of light forces and, whenever possible, continuous forces.
The constancy of a force generated by a certain loop basically depends on the load/deflection ratio (L/D), which must be the lowest possible. 9 Loops with low L/D ratio release lighter, more constant and better controlled forces during deactivation because there is a smaller variation of force for each millimeter of activation. 10 The loop configuration, incorporation of helices and the alteration of the orthodontic wire composition may diminish the L/D ratio. 9, 11 Thus, the aim of this study was to assess the mechanical behavior of the teardrop-shaped loop, varying its configuration and the type of alloy used.
Material and Method
The sample consisted of 60 test specimens, made by a single operator, using stainless steel (SS) 18/8 and beta-titanium (BT) wires (Dentsply GAC, New York, New York, USA), 0.019" x 0.025", divided as follows:
• 15 vertical SS loops, wider near the apex and closed at the base, similar in shape to a teardrop, 12 called the teardrop loop.
• 15 vertical BT loops with the same configuration as SS.
• 15 vertical SS loops with the same configuration, but with the presence of a helix at the apex of the loop.
• 15 vertical BT loops with the same configuration, but with the presence of a helix at the apex of the loop. The test specimens were made, measuring seven millimeters in height and three millimeters in the internal diameter of the helix. The two free extremities were 15 mm each (Figure 1 ), of which 5 mm of each extremity were used to fix the loops on the claws of the mechanical test machine (Emic, São José dos Pinhais, Paraná, Brazil), providing a symmetrical position.
Horizontal force (HF) was recorded at the time of opening at 1.0 mm, 2.0 mm and 3.0 mm in grams-force (gf), and consequently the magnitude of the load/deflection ratio (L/D) (g/mm) was also obtained. The values obtained for each group were compared at each millimeter of activation by comparing the factors of metal alloy and configuration.
The hypotheses were verified with ANOVA for 3 criteria, complete factorial model, and verification of normality was conducted with the KolmogorovSmirnov normality test at a level of significance of 0.05. As normal distribution was not shown, the Kruskal-Wallis non-parametric test was applied at a level of significance of 0.05.
Results
The mean values of HF and the L/D ratio, according to alloys and irrespective of loops and activations, are presented in Table 1 . It was observed that the alloy with the highest mean HF value was SS, which was two times higher than the value for BT, and this difference was statistically significant (p < 0.01).
When assessing the differences between the mean values of HF and L/D, according to loops and irrespective of alloys and activations (Table 2) , it was observed that the teardrop-shaped loop showed the highest mean HF and L/D ratio when compared with the teardrop-shaped loop with helix (p < 0.01).
When comparing the differences between the mean values of HF and L/D, according to activations and irrespective of alloys and loops (Table 3) , it was observed that the activation with the highest HF mean was 3 mm, while the activation with the lowest mean was 1 mm (p < 0.01).
In Tables 4 and 5 , the values obtained for the Source: Research data. Note: SS -stainless steel; BT -beta-titanium; C.V. -coefficient of variation; BL -bottom limit; UL -upper limit. variables HF and L/D, according to the alloys, loops and activations can be seen.
Discussion
From the results obtained, it was observed that the horizontal force (HF) and load/deflection ratio (L/D) produced were strongly influenced by the metal alloy factor (Tables 4 and 5) , with stainless steel (SS) showing higher magnitudes than beta-titanium (BT). It was also observed that, for the two types of alloys, the higher the activation amplitude, the higher were the HF and L/D ratio released. This is in agreement with Faulkner et al., 13 when assessing vertical loops. Therefore, a loop made of an alloy with a low modulus of elasticity, such as beta-titanium, would have a lower load/deflection ratio than a loop made of stainless steel 14 with the same configuration.
The incorporation of helices is an important factor to take into consideration. This is associated with the longer wire in the inter-bracket space, which promotes both increase in activation amplitude of the loop and reduction of the amount of HF produced. 11, 13, 15, 16, 17 Therefore, it was also found that the HF and L/D ratio released by the loops made of SS and BT were greatly influenced by the presence of the helix, resulting in reduction of the mean magnitude of HF by approximately 21% for the SS teardrop-shaped loop, and by 17% for the BT teardrop-shaped loop.
Increasing intensities of HF and L/D ratio were produced in the following order: 1. BT loops with helix; 2. BT loops without helix; 3. SS loops with helix; 4. SS loops without helix.
In the study conducted by Thiesen et al., 18 higher force magnitudes were also found in SS loops without helix, as compared to SS loops with helix. When assessing the forces released by the SS teardrop- Source: Research data. Note: SS -stainless steel; BT -beta-titanium; D -teardrop-shaped; DS -teardrop-shaped with helix; C.V. -coefficient of variation; BL -bottom limit; UL -upper limit. shaped loops without helix separately, levels close to those found by Shimizu et al. 19 were observed in the same type of loop. However, Neto, Mucha and Chevitarese 17 obtained higher levels of force in comparison to those obtained in this study, probably due to the smaller dimensions: that is, 6 mm in height and 3 mm in width.
Thiesen et al. 18 tested SS teardrop-shaped loops with helix, measuring 8 mm in height and 4 mm in width, and they obtained forces of lower magnitude as compared to those obtained in this study: that is, 212 gf, 446 gf and 660 gf for 1 mm, 2 mm and 3 mm activations, respectively. Substantial differences among the results are observed, indicating marked variations of force when the loop dimensions are altered. Thiesen et al., 18 when quantifying the L/D ratio of teardrop-shaped loops with and without helix, found lower magnitude values and higher constancy for the loops with helices. This is in agreement with Burstone and Koenig, 20 who affirmed that one of the ways to achieve a low L/D ratio would be to incorporate more wire into the apical portion, especially in the helical shapes. The L/D ratio values obtained by Thiesen et al. 18 were of lower magnitude as compared to those obtained in this study.
When assessing teardrop-shaped loops, with and without helix, made of BT, Thiesen 21 found very close L/D ratio values among the activations, but of lower intensity than the values for the SS loops. The higher L/D ratio values in this study accompany the HF results that were also higher, as were also the results of Thiesen, 21 probably due to the configuration of the specimen tested in this study having smaller dimensions.
The results of this study showed that the majority of the loops tested produced high forces. When comparing the values of the forces obtained (values are presented in grams-force, because clinically there is bilateral presence of loops in the arch to retract the anterior segment), with excellent HF values recommended by Jarabak and Fizzel, 22 the 1 mm activated BT teardrop-shaped loops produced favorable levels of HF (416 gf) to move mandibular incisors and canines. An adequate amount of force to move maxillary incisors was obtained with the activation of 1 mm BT loops with helix (326 gf). For the mass movement of maxillary incisors, the 2 mm activated BT loops with helix generated compatible levels of HF (649 gf). When the teardrop-shaped loops and the teardrop-shaped loops with helix are made of SS wire, they do not provide adequate HF levels to move anterior teeth, irrespective of their activation.
Lighter force levels are preferable for dental movement. 5, 6, 23, 24, 25 In this study, the incorporation of spirals and the use of BT alloys provided lower force levels. However, it is the professional's responsibility to select the loop, compare the configurations, metal alloys and wire thicknesses that are available, and to use the one that presents the best characteristics for the particular case.
Conclusions
1. The beta-titanium loops produced lower amounts of horizontal force and load/deflection ratio than the stainless steel loops. 2. The teardrop-shaped loops with helix generated lower amounts of horizontal force and load/deflection ratio than the teardrop-shaped loops. 3. The stainless steel loops generated high load/deflection proportions, and consequently provided higher levels of horizontal force during their deactivation.
